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Performance Analysis of PDREs 
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understanding of performance issues 



Simplified PDRE Cycle 
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Rarefaction waves Injection of fresh 

(left running) propellant mixture 




Comparison of PDRE and SSRE Performance 



• • 


Blowdown Pressure Ratio (P ln /P fln ) 

Straight tube PDRE outperforms a SSRE with sonic nozzle at all pressure ratios 
Clear need for nozzle research to enable best possible PDRE performance 




Numerical Modeling of Quasi 1-D Rocket Flows 
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Hanson, 1999) 

- Stiff integration technique: Newton iteration of a linearized implicit 
trapezoidal method (uses Jacobian of source terms) 




PDRE Performance Optimization Study 



Domain size scaled depending on specified throat and exit radius 
Area ratio optimized for maximum l sp at each pressure ratio 
Uniform grid spacing: Ax = 0.1 mm 

Simulation run until closed-end pressure equals ambient value 



Time-Accurate Thrust Calculations 



PDRE Performance at PR=1 
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* Optimized fixed C-D nozzle (e = 1 .49) can yield small improvements 
in specific impulse (l sp = 1 97.5 s) 

• Flow is overexpanded late in blowdown process 





PDRE Performance at PR=1000 
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• Optimized fixed C-D nozzle (e = 102) can yield significant 
improvements in specific impulse (l sp = 400.1 s) 

• Flow is overexpanded late in blowdown process 





Finite-Rate Chemistry Effects in SSRE Nozzles 
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Domain size scaled depending on specified throat and exit radius 
Area ratio optimized for maximum l sp at each pressure ratio 
Uniform grid spacing: Ax = 0.1 mm 
Simulation run to steady-state 


Effect of F-R Chemistry on 
SSRE Specific Impulse 



1 1 1 1 I » ‘ 1 ‘ I 1 ‘ ‘ 1 I 1 1 1 1 1 1 ~L— > 1 I I I i > JO 


o 

o 

o 

O 

O 

o 

cr- 

LO 

o 

ID 

O 

LO 

o 

lO 



CO 

CO 

CM 

CM 



(s) es|ndw| ojjpeds 


Blowdown Pressure Ratio (P in /P fin ) 

• Finite-rate chemistry result is intermediate between the frozen 
and equilibrium calculations 




Rocket Specific Impulse as a Function of 
Pressure Ratio 

H 2 -0 2 , <)) = 1 , T inj = 300 K, P jni = 1 Atm 
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Blowdown Pressure Ratio (P jn /P fin ) 

• Relatively simple fixed conical C-D nozzles can enable superior PDRE 
performance over a wide range of pressure ratios 




PDRE Performance Study - Summary 
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• The results indicate that a PDRE fitted with an optimized fixed C-D nozzle 
can provide superior single-shot specific impulse to a comparable SSRE 
over a wide pressure range 




Optimum Area Ratio as a Function of 
Pressure Ratio 

H 2 -0 2 , 0 = 1, T ini = 300 K, P ini = 1 Atm 
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Blowdown Pressure Ratio (P in /P fin ) 

• Optimum performance for a PDRE obtained at roughly 1.5x - 2.0x the 
area ratio of a SSRE (for the same blowdown pressure ratio) 




Effect of F-R Chemistry on Exit Species 
Mole Fractions 

Ho-Oo, d) = 1.0, P_ r = 1 atm 



Blowdown Pressure Ratio (P in /P fln ) 

• Decrease in water formation rate at lower T, P results in water 
concentration significantly below equilibrium values 




